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Abstract
     The thermal evaporation system type (Edwards) has been used to evaporate high purity (99.9 %) silver on quartz 
and (n-type) silicon substrates at room temperature under low pressure (about10-6torr) for different thickness                 
(50, 100, and 150) nm. Using a rapid thermal oxidation (RTO) of Ag film at oxidation temperature 250 oC and 
oxidation times 60 sec, Ag2O thin film was prepared. The structural, optical and electrical properties of Ag2O film 
were investigated and compared with other published results. The structural investigation showed that the films 
formed at thickness 150 nm showed (111) strong reflection along with weak reflections of (200) and (103) 
correspond to the growth of single phase Ag2O with cubic structure. Optical properties revealed that these films 
having direct optical band gap of (2.4, 2.3, 2.1) eV at different film thickness with high transparency in visible and 
NIR regions. Dark and illuminated I-V, CV, and spectral responsivity of p-Ag2O /n-Si heterojunction were 
investigated and discussed. Ohmic contacts were fabricated by evaporating 99.999 purity aluminum and gold wires 
for back contact and front contact respectively. Ag2O thin film was also prepared on n-type indium tin oxide (ITO) 
thin films to investigate the I-V characteristic of p-Ag2O /n-ITO junction.  
Keywords: Ag2O, raipd thermal oxidation, optical properties, p-Ag2O /n-Si, photovoltage, p-Ag2O /n-ITO
1. Introduction
Silver oxide (Ag2O) is conventionally used as electrode materials in batteries or as catalytic 
substances in materials science. Yet, there are also studies showing that thin films of Ag2O exhibit 
semiconducting properties. Various techniques had been used in preparing thin films of Ag2O, including 
sputtering or evaporation of Ag (or Ag2O) in an oxygen atmosphere, and oxidation of Ag films with 
reactive oxygen species, such as oxygen plasma, oxygen radicals, or ozone, etc. Previous investigations of 
electronic structures and optical properties of Ag2O films reveal that Ag2O has a band gap of ~1.3 eV, an 
ionization potential of ~1.0 eV below the work function of Ag (i.e., ~5.3 eV) Ag2O films in general were 
reported to show p-type semiconducting properties with the Fermi level ranging from 4.8 to5.1 eV. [1] 
Silver oxide is transparent in infrared and visible range due to its large optical band gap.This property is 
useful to make anti-reflective coating for applications in the opt-electrical field. [2]. Silver oxide (Ag2O) 
films have received increasing attention due to their unique properties. [3] As a battery electrode, Ag2O 
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may achieve better performance in voltage regulation with a longer storage life. [4, 5] Büchel et al. [6] and 
Tominaga [7] reported that Ag2O films could be used as surface-enhanced Raman spectroscopy sources 
due to the surface-plasmon effect. In addition, Ag2O films, a typical wide energygap semiconductor, have 
a reflctivity higher than70% over a wide wavelength range, with the advantage of being applicable in 
short-wavelength optical data storage to replace the commonly used organic storage material. Tominaga 
et al. [8] first suggested that Ag2O films can be used as the storage material of CD-R instead of the 
commonly used organic material. Using Ag2O film not only raises the shortwavelength storage density of 
CD-R, but enhances their signal-to-noise ratio. The development of the super-resolution near-field 
technique has made superdensity storage possible by breaking through the resolution limit and reducing 
spot size. In Refs. [9-11], the authors have made satisfactory progress in this area. Fuji et al. [12] pointed out 
that the Ag2O film could be used as a readout layer to produce a metallic probe as a non-transparent 
aperture where the near field light is produced. In 2001, Peyser et al. [2] reported a strong photo-activated 
emission of nanoscale Ag2O structures after subjecting the film to 515nm irradiation. In 2003, Zhang et 
al. [13] found the dynamically activated uorescence emission of Ag2O films. These results confirm that 
Ag2O films could be used as a nanoscale optical storage material. Subsequently, Chiu et al. [14] and Kim 
et al. [15] reported that the Ag2O film could be used as a mask layer to enhance the magneto-optical signal 
of new magnetooptical disks. Silver oxide thin films are a very interesting class of metal oxides; silver 
being a multivalent, forms various phases like Ag2O, AgO, Ag3O4 and Ag2O3 by interacting with oxygen 
(Bielmann et al., 2002). Experimentally it is found that Ag2O and AgO are the most observable phases. 
[16] In the present paper, the properties of Ag2O films prepared by rapid thermal oxidation of silver film 
have been measured and discussed. The main characteristic of p- Ag2O/n-Si heterojunctions device were 
investigated and analyzed.  
 
2. Expermintal Work
 
The substrate used was (111) n-type, single crystal silicon with a resistivity of (1-3) Ω.cm. These 
substrates are cut into 1Χ1 cm2 pieces, first washed with acetone and then etched in CP4-A solution for 2 
min and then in 12% HF for 2 min to remove the native oxide. High purity (99.99%) Ag thin film was 
deposited on the (quartz, ITO-glass and n-Si) substrates by thermal evaporation system type (Edwards) at 
10-6 torr as shown in figure (1). A different thickness (50, 100, and 150) nm Ag2O thin film was grown on 
(quartz, ITO-glass and n-Si) substrates by rapid photothermal oxidation of deposited Ag film using               
a halogen lamp 250 °C for 60s in static air. The experimental set-up and details are given elsewhere. [17] 
The ohmic contacts of the photodiode were made by depositing a thick film of Al on the back surface of 
the silicon and Au thick film on the Ag2O film through special mask. The planar photosensitive area of 
the photodiode was around 1×1 cm2.  
The X-ray diffraction (XRD) spectrum of Ag2O film grown on quartz substrate was investigated by               
using (Philips PW 1050) X-ray diffractometer of CuKα as a target (λ = 0.15417 nm). The D.C dark 
electrical resistivity of Ag2O as function of thickness was measured using Keithley digital electrometer. 
The conductivity type of the film was investigated using Hall measurements. Double UV/VIS and FTIR 
recorder spectrometer model Shimadzu were used to measure the transmission and absorption spectra of 
Ag2O thin film deposited on quartz substrate in spectral range (350 – 2500 nm). I-V under dark and white 
light illumination conditions and C-V characteristics of p-Ag2O /n-Si heterojunction were examined using 
a potential sweeper and LCZ meter (200 kHz) respectively. The spectral responsivity of the photodiode 
was measured for the spectral range (400-1100) nm using a calibrated monochromator.  
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Fig. 1: Schematic set-up for thermal evaporation technique. 
 
3. Results and Discussion
1.  Ag2O film properties
Figure 2 shows the X-ray diffraction profiles of the silver oxide films formed at 250 oC oxidation 
temperature and 60 sec oxidation time. The films formed at thickness 150 nm showed (111) strong 
reflection along with weak reflections of (200) and (103) correspond to the growth of single phase Ag2O 
with cubic structure. The crystallite size of the films was evaluated form the full width at half maximum 
intensity of X-ray diffraction peaks using the Debye-Scherrer’s relation. [18] The crystallite size of the 
films increased from 25 to 40 nm. A recent study show that the Ag2O prepared by RF magnetron 
sputtering is of a cubic structure with preferred orientation along (111) (see Ref. 19). 
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Fig. 2: XRD profiles of Ag2O films formed at 250 oC oxidation temperature and 60 sec oxidation time.  
 
The electrical resistivity of the prepared films is sensitive to the growth of the phase and microstructure. 
Figure 3 shows the variation of electrical resistivity with the film thickness. It can be seen from the figure 
that the electrical resistivity decreases drastically with increase of film thickness. It indicates that during 
the formation of silver oxide films. This reduction can be due to the increase in the mobility and the 
concentration of the electrons in the layers.The single phase Ag2O films formed at 250 oC oxidation 
temperature and 60 sec oxidation time exhibited the electrical resistivity of 6.5x10-4 Ω.cm. It is further 
increased to 4.8x10-3 Ω.cm at lower film thickness. The positive sign of Hall coefficient obtained 
confirms the p-type conductivity of the Ag2O. 
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Fig. 3: Variation in electrical resistivity of Ag2O films with film thickness.
Figure 4 shows the optical transmission spectra of Ag2O films formed at different film thickness. it is 
obvious that the film gives good transparency characteristics at spectral range 600-1400 nm this behavior 
is seems to Window. The films formed at different thickness showed that the transmission decrease with 
increased films thickness. The fundamental absorption edge of the films shifted towards higher 
wavelength side with the increase of film thickness. The absorption coefficient (α) of the films calculated 
from the optical transmission. The optical band gap (Eg) of the films was estimated from the plots of 
(αhν)2 versus photon energy (hν) using the relation. [20] Extrapolation of the linear portion of the plots of 
(αhν)2 versus photon energy to α = 0 resulted the optical band gap of the films. The band gap of the films 
decreased from 2.4 to 2.1 eV with increase of film thickness from 50 nm to 150 nm. Pierson et al. [21] 
reported an optical band gap of 2.23 eV Ag2O films deposited at oxygen flow rate of 9 sccm by DC 
reactive magnetron sputtering. Rivers et al. [22] achieved a high optical band gap of 3.3 eV in Ag2O films 
formed by evaporation of silver in the presence of electron cyclotron resonance oxygen plasma. The 
reported optical band gap for Ag2O films varied depending on the deposition method employed and the 
process parameters maintained during the growth of the films.  
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Fig. 4: Optical transmittance spectra of Ag2O films formed at different films thickness.
 
2. Characteristics of p-Ag2O /n-Si and p-Ag2O /n-ITO heterojunction devices
Figure 5 (a) shows dark I-V characteristics of p-Ag2O/n-Si an isotype heterojunction in forward and 
reverse directions. It is obvious that the junction has relatively good diode rectification characteristics 
about (20, 46, 78) at 2 V. No breakdown has been noticed at voltages > 4 V and the dark current of diode 
was less than 125 nA. It is also clear that recombination current dominated at low bias voltages while the 
domination of diffusion current starts at voltages > 1 V. The ideality factor was found to be around (2.8, 
2.6, 2.5), this high value suggest that the recombination in this device occurs primarily in the junction 
depletion region and / or at the junction interface. [23] Furthermore, the large lattice mismatch between 
Ag2O and Si could affect diode ideality factor. The effect of series resistance, which arises from the high 
resistivity of Ag2O film, is displayed at high bias voltage. 
In order to examine the p-type semi-conducting behavior of Ag2O thin films, a p-n junction formed by 
depositing it on n-ITO coated glass substrate. I-V characteristic of the p-Ag2O /n-ITO junction are 
illustrated in figure 5 (b). Figure 5 (b) shows a typical rectifying behavior of thin film p-n junction diode 
which exhibited a threshold voltage of 2 V. The inserted image shows the p-Ag2O/n-ITO/Glass 
multilayered structure. This p-n-junction diode is suitable for many applications as a transparent p-n 
junction but further investigation on p- Ag2O /n-ITO junction based devices will be required. 
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Fig. 4: Dark I-V characteristics of (a) p-Ag2O/n-Si and (b) p-Ag2O/n-ITO/Glass formed at different film thickness.
Shown in Figure 6 is the reciprocal of square capacitance versus reverse bias voltage plot deduced from 
C-V characteristics (inset of Figure 6). The linear relationship of I/C2-V curve suggests that the junction is 
abrupt type, and the interception of 1/C2 with voltage is the diffusion potential which found to be (0.7, 
0.86 and 0.91) V within Ag2O side.  
 
Fig. 6: 1/C2-V plot of p-Ag2O/n-Si heterojunction.Inset on the right shows C-V characteristics.
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Figure 7 (a, b, and d) exhibits the photo electric behavior for Ag2O /n-Si devices under illumination 
condition at defferent film thickness. Under external reverse bias, depletion region of the device extends 
and as a result, more incident photons will contribute to the electron-hole pair's generation that takes place 
in the depletion region. The internal electric filed in the depletion region causes the electron-hole pairs to 
separate from each other and this bias becomes large with the applied external bias. From the following 
figure, we can see the increase in the photo-current with the increasing of incident light intensity, where 
the large intensity refers to a great number of incident photons and hence large of separated electron-hole 
pairs.  
From this result, it is recognize the enhancement in values of the photo current in Ag2O/n-Si devices 
at defferent film thickness with the same incident light intensity. This is due to the increment in the 
depletion layer width which means a large internal area for carrier separation. That leads to higher photo-
current as shown in the following equation: [24] 
 
IPh= q A G (W+L)                                                                                                                                    (1)  
 
Where A: is area, G: is generation rate, W: is the depletion width and L: is the diffusion length, 
therefore when L becomes so short (<<W) due to the effect of mismatch defects, Iph will depend 
essentially on W which in turn depends on bias voltage. Thus, Iph will increase with increasing bias 
voltage.
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Fig. 7: Photo-current as a function of reveres voltage of (p-Ag2O/n-Si) heterojunction devices formed                                       
at differen film thickness (a) t= 50 nm, (b) t= 100 nm and (c) t= 150 nm.
 
Figure (8) and (9) shows the relation between short-circuit current (ISC) and open-circuit voltage (VOC) 
with the incident photon power of the halogen lamp for Ag2O /n-Si devices. From the obtained result we 
can recognize the linear relation between ISC and VOC with the incident photo power to reach a maximum 
value beyond which both values for the two devices tend to saturated and become constant. This occurs 
due to the total separation of the photo-generated electron-hole pairs. A large difference in the obtained 
results value can be obviously found comparing it. The higher result obtained for Ag2O /n-Si device 
related to the increase in the depletion layer width which means large area for electron-hole pairs 
separation and hence large photo-current. Open-circuit voltage (VOC) is depends on the photo current as 
given in the following equation: [25] 
 
ைܸ஼ ൌ ௄்௤ ݈݊ ቀ
ூು೓
ூ೚ ൅ ͳቁ                                                                                                                             (2)  
 
      The results also show that the short circuit current and open circuit voltage saturate at high power 
density since the electric field is strong enough to separate any generated pair for a given incident power. 
For three cases the linear behavior of VOC versus incident power refers to good linearity of the prepared 
device to work as a detector or solar cell. 
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Shown in figure 10 is the spectral responsivity ܴఒvariation with 400 to 1100 nm wavelengths for a 
selected Ag2O/Si heterojunction photodetector prepared at different films thickness. Over this span of 
wavelengths, there are two distinct peaks; the first one (at 750 nm) is related to the contribution of Ag2O 
absorption, while the second (at 900 nm) represents the absorption in the silicon side. The minimum at 
800 nm is attributed to the absorption in the interface in which high density of states exist.The 
responsivity can be calculated from the following relationship: [26] 

ܴ ൌ ூು೓௉೔೙೎ ൌ ߟ
௤
௛జሺܣȀܹሻ                                          (3) 
 
Where ܫ௉௛is the photocurrent, ௜ܲ௡௖is the incident power, and q, h, ν are the electron charge, Planck’s 
constant, and the frequency of incident photon, respecttively. The low value of the photodiode 
responsivity in the absence of bias voltage may be due to the recombination defects occurring at the 
depletion region and/or at the junction interface. These values of responsivites correspond to quantum 
efficiency (Q.E), represented by η, of 21.8%, 23.1%, and 24.9%, respectively as shown in figure 11. 
Fig. 8: Short circuit current as a function of the incident 
photo energy of (p-Ag2O/n-Si) heterojunction devices formed 
at different film thickness.                                 
Fig. 9: Open circuit voltage as a function of the incident 
photo energy of (p-Ag2O/n-Si) heterojunction devices formed 
at different film thickness.                                 
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Conclusions
 
The structural, optical, and electrical properties of undoped polycrystalline Ag2O thin film prepared at 
different film thickness by using rapid thermal oxidation technique and their application to p-Ag2O /n-Si 
heterojunction photodetector were examined. The photodiode exhibited good rectifying characteristics. 
The C-V measurements showed an abrupt type junction and a diffusion potential of (0.7, 0.86, 0.91) V. 
The photodiode operated in photoconductive mode demonstrated good photoresponse in visible and near 
infrared regions. The responsivity of the photodiode exhibited two distinct regions around the 
wavelengths 750 nm and 900 nm for all film thickness. The responsivity and quantum efficiency for these 
thickness were 0.15 A/W and 21.8%, 0.16 A/W and 23.1% and 0.18 A/W and 24.9%, respectively. The 
technique of growing Ag2O layer by rapid photothermal oxidation for optoelectronic devices is relatively 
new, simple, cheap, and reliable. We are in the process of improving the performance of photodetector by 
postoxidation annealing of Ag2O and /or by deposition of buffer layer.  
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